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SUMMARY 

Mechanical instability of a helicopter range extension system utilizing 
hinged wing fuel tanks has been investiguated for acceptable characteris- 
tics on ground and in the air. Ground instability is studied for the 
H--21, H-25, and H-34 helicopters with wing tanks through a simulated 
takeoff with full tanks to a landing with empty tanks.  Instability ranges 
appear due to antisymmetric blade lag motions coupling with aircraft roll 
and lateral motions and wing flap and bending modes.  Critical condi- 
tions are in the roll mode in takeoff with full tanks and in landing with 
empty tanks, but damping from the helicopter and wing oleo struts is 
always sufficient to control the instability. 

In-flight mechanical instability is also shown to be possible.  It re- 
sults from antisymmetric blade lag motion coupling with aircraft, roll 
and lateral oscillations at a reference natural frequency provided by 
rotor thrust and wing aerodynamic spring effects.  Blade flap-lag 
Coriolis coupling is also included and tends to accentuate the unstable 
conditions.  The winged configurations of the H-21, H-25 and H-34 heli- 
copters are marginally stable at normal rotor speed based on calculated 
wing aerodynamic damping estimates. Wing damping obtained from wind 
tunnel model tests is larger than the calculated damping however, so 
that the winged configu ations should be satisfactory under all condi- 
tions. A build-up ground and flight test program, similar to that per- 
formed on new model helicopters is recommended, however, to insure that 
no dangerous instability exists. 
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INTRODUCTION 

The present mechanical instability study is part of an analytical and wind 
tunnel study being conducted under the reference 1 Transportation Research 
& Engineering Command Contract. The program is aimed at the development 
of a means for helicopter ferry range extension through application of a 
floating fuel  ing concept. An initial feasibility study of the floating 
wing concept was conducted by VERTOL under an earlier contract, reference 
2, and the results reported in reference 3.  The present analytical and 
wind tunnel investigation is under the reference 1 contract and is based 
on a VERTOL proposal, reference 4.  The mechanical instability study is 
a part of Phase I of the contract, and is reported here separate from 
the wind tunnel work.  Additibhal dynamic studies comprising vibration 
and flutter calculations for the floating wing system are in progress under 
Phase II and will be reported, separately when completed. 

The range of present helicopters with normal fuel load is less than 400 
nautical miles.  Even with additional internal tanks, the helicopter 
range is less than 1100 miles 1 With ilqating wings, the range can be 
extended to as much as 2400 miles, corresponding to the longest over- 
water distance on the Pacific Ocean ferry route. 

Each floating wing contains compartmehted fuel tankage connected by lines 
to the helicopter's main tank. The wing lift supports the fuel weight 
that it carries, and the helicopter acts.as a tow to propel the wing 
forward.  Wing attachmenti.%t]o^fie helicopter is through a hinge so as to 
eliminate the bending momertts applied at-the fusalage by conventional 
wings, thus avoiding the:..äddi'tion of extensive wing carry through struc- 
ture to the helicopter.- ■ ' ' ~ 

The hinge line is not longitudinal, but is skewed aft as shown, 

f-WD 

> 

As fuel is consumed and the wing becomes lighter, it tends to flap upward 
about its hinge.  Because of the skewed orientation, the angle of attack 
at any chord line is reduced as the wing flaps up, the lift is reduced, 
and the wing flaps downward to a new mean position.  Full span pilot con- 
trolled wing flaps are also provided, so that the trim attitude of the 
wing may be adjusted; these are also used as high lift devices during 
the running take-off. 
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When the wing-helicopter combination is on the ground, each wing is sup- 
ported by its own landing gear.  The gear is a conventional shock strut 
in that it can absorb the impact energy of the landing wing and can also 
incorporate an oscillatory damper to assist in preventing ground insta- 
bility.  For simplicity, the dynamic characteristics of the VERTOL YHC-1A 
main landing gear were used in the ground instability studies since this 
gear generally meets the requirements of the installation.  It is noted, 
however, that the wheels must be able to swivel for ground handling but 
it is assumed they would be locked in the trail position for takeoff and 

■landing.       -.. 

The possibility of ground, or air mechanical instability is investigated 
here for hölicopters equipp.cd with floating wings.  Three transport 
hellGopter .types represen.tai ,;v.i-- of current Army inventory are included, 
the; Sikorsky.:H--34,::vi}jrrCiL ■•!;-:;:   ' .■.„■VGL H-2.5. 

Theöe a-irc^ of helicopter main landing gfear, the 
pyramid gear used on the VKiTOL H-21 AND H-25, and the axle gear^used 
oh thie SIKCRSKY H-34. The pyramid gear consists of a two; membjer; ' . 
h^izöh^tal truss hinged at the fuselage attachments withjithe 0wheel . 

•■mpünfefedf'«atf the apex, whose v.er,ti'ca.L motion is restricted by. art öie'ö. 
between the truss apex and a higher point on the fuselage.  The.axle gear 
uses a' single crank-type mcitiber mounted in a bearing, on the füsB4%'ge 
with the whieei at the throw of the crank, and; th'e o.Leq reslricting 
vertical wheel travel.  Separate analyses of these two gear types are 
.necessary. 

The method of analysis, and a discussion of the results are given in the 
following sections, along with conclusions as to the acceptability of 
the instability characteristics.  Appendix A presents the ground 
instability analysis, and the detailed numerical data for the #-21,  H~25 
and H-34; Appendix B presents the same information for the air instability 
case. \ 

> 
hi 
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II.  METHOD OF ANALYSIS 

A.  Ground Instability 

1. General 

There exists in all rotary wing aircraft the possibility of encountering a con- 
dition of instability commonly called "ground resonance" if certain design cri- 
teria are not met.  Under these circumstances, the vast kinetic energy of rota- 
tion is transferred into producing divergent oscillation of the fuselage on its 
landing gear, and may become so violent as to damage or destroy the aircraft. 
This unstable condition involves blade depatterning in which the individual rotor 
blades oscillate in the plane of rotation in such a manner that the combined 
center of gravity of all the blades does not coincide with the shaft center, but 
whirls about it in some eccentric locus.  This motion couples with the motion in 
a natural mode of the helicopter on its landing gear in such a phase relation 
that the motion becomes divergent.  Fundamental analytical work on the ground 
instability problem was performed by Coleman in reference 5, and more recently 
compiled in reference 6.  Other analytical approaches have been presented in 
work such as references 7, 8, and 9. 

All modern helicopters employ some device or design feature aimed at preventing 
or controlling this destructive phenomenon.  One means is to use rotor blades 
with the lowest natural frequency of blade lag motion higher than the maximum 
operating rotor speed.  While this is effective from the ground instability 
standpoint, it penalizes the blade root design by requiring blade structure heavy 
enough to carry the root moments, instead of the zero root moments existent with 
hinged blades.  A common means of instability prevention for hinged blades is the 
use of lag dampers at the hinges, and dampers in the landing gear shock struts. 
Their combined energy dissipation capacity must be sufficient to prevent di- 
vergence of any oscillation.  An alternate approach is to place the natural fre- 
quencies of the helicopter on its landing gear spring so that the related insta- 
bility range is clear of the normal rotor speed and will therefore not be excited. 

Present practice aims at a combination of the last two procedures, that is, to 
place natural frequencies so as to have no instabilities appearing in the normal 
rotor speed range, and to also provide damping adequate to prevent the growth of 
any instability. 

2. Helicopter Without Wings 

With conventional helicopters, two regions of instability are generally con- 
sidered; the first is a predominantly lateral helicopter motion accompanied by 
blade depatterning whose frequency is located well below normal rotor speed, 
usually about 100 CPM; the second is a predominantly roll helicopter motion 
about a line close to the center of gravity, also accompanied by blade de- 
patterning, and usually located close to or in the normal rotor operating, speed 
range.  It is this roll motion which test experience has shown to be of major 
concern. 

Each instability frequency region is located at a rotor speed some 107» to 607» 
above a "reference frequency".  This reference frequency is merely one of the two 
coupled roll-lateral natural frequencies of the helicopter mass and inertia on 
its landing gear oleo shock strut and tire springs.  The springs whose rates are 
paramount in setting the reference natural frequencies are the oleo air spring,- 
a widely varying parameter dependent on extension, the lateral structural rate 
of the landing gear, the radial tire spring rate, and the lateral tire spring 
rate. 

For the important roll mode, these springs may be thought of as forming an equiva- 
lent roll spring about a horizontal line running fore and aft through the heli-    1 
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copter center of gravity.  The oleo vertical air spring rate and the tire radial 
rate add in series to form an equivalent rate Kv which is lower than either 
spring taken singly.  This spring on the left landing gear, and its equal counter- 
part on the right landing gear act through the wheel tread distance 2e to form a 
rotational spring with rate 2Kve

2 about the e.g.  Similarly, the tire lateral 
spring rates add in series with the lateral structural spring to form an equiva- 
lent lateral spring KL, which acts through a vertical arm h reaching from the 
ground contact up to the e.g. to form a rotational spring with rate ZK^h^-.     The 
total rotational roll spring 2K.ve^ +  2KLh2) together with the. roll inertia of 
the helicopter essentially determine the roll mode reference frequency. 

Thus for conventional gear, at low percents airborne, all the spring elements - 
oleo and tire, contribute to a high reference frequency; at high percents air- 
borne, the oleo and tire vertical spring combination are negligible, and the 
lateral springs are principally responsible for the reference frequency. 

If spring rate limitatiens render the placement of the instability band above the 
normal rotor speed impractical, or if conservative design is practical, suffi- 
cient damping in the oleo strut and lag damper are provided so that the growth of 
any instability can be prevented.  The quantity of damping present in a given 
condition is generally measured by a damping ratio 
required damping. 

Cr C, 

> 
ui 

a ratio of available to 

where CT 

BVB: 

—^- 

y^ 

= effective damping at the rotor hub in the ^th mode of the heli- 
copter produced by the; oleo struts 

= damping produced by each blade lag damper 
= damping product required for neutral stability from reference 6, 

When the ratio, ,y , is greater than unity, there is then more damping available 
to control the instability than is actually required, and yy may be viewed as a 
sort of margin of safety.  The term Cr, effective damping at the hub, is obtained 
through equating the damping energy produced by the oleos in a given mode to an 
equivalent mathematical damper at the rotor hub operating in the lateral hub 
direction.  Thus for y and q hub and oleo velocities respectively. 

Damping Energy = % CrY2ub = % L C0q2leo 

or 

OLIOS 

"^   C   a2 / Y2 I-  ^oq  oleo ' x hub 
OLfiiS 

Occasionally, the mode shape of the reference natural frequency is such that 
motion and hence velocity at the oleo are much larger than that of the hub, so 
that (q/y)2 becomes large, and the damper Cr and finally the damping ratio turn 
out to be large numbers.  This means that the damping available is well over 
that required, and the helicopter is in a very safe position.  This will be 
found to be true in a number of the numerical cases presented herein. 

3.  Helicopter With Wings 

The addition of floating wings to the helicopter introduces a number of changes 
to the ground instability characteristics.  The weight and inertia of the com- 
bination aircraft are considerably increased, the wing landing gears introduce 
additional ground springs, and aerodynamic dampers and springs must be included 
in the analysis, due to the addition of the floating wings. Also, the bending 
natural frequency of the wing is near enough to rotor speed to be of interest. 

Instead of two coupled modes, lateral and roll as in the standard case, there 
are four coupled modes with the winged configuration.  These are wing rigid body 
flap about the wing hinge, fundamental bending of the wing as a pinned-free beam 
and lateral and roll motion about the helicopter e.g. as before.  In addition. 
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the motions of the helicopter main gear oleo and the wing gear oleo are handled 
as separate coordinates.    The  complete equations of motion are developed in 
Appendix A and lead to the following set of equations stated in matrix form« 

^ 
K 

Kll-Mn"' 

Kl2 

KU 

K3.5 

M2 

K22-M22^2 

K23-M23^2 

K2^-H2AW 2 

K25 

K26 

K13 

KOT-MOT '•' ' 

K33-M33 tJ' 

K3^ 

K36 

K2A-M2A^ ; 

K3A 

K46 

K15         "I '^   1 
K25    K26 cL     \ 

K36 ** 

1^6 H, 

^55 ^ 

K66 TT    ! 

= 0 

where y = lateral motion of helicapter eg» 
a< ** roll motion of helicopter  e.g« 

H]_ = generalized coordinate  of first  pinned-free wing bending, 
top deflection 

^ ■ angular  coordinate for main gear oleo motion 
v « vertical coordinate of wing gear  oleo motion 

•^Sf« angular coordinate of wing about hinge 

and the Mjk and Kj^ values are the effective  or  actual mass and spring 
quantities.     These  are detailed in Appendix A.     The determinant is solved 
for natural frequencies  and modes by  insertion of  trial frequency values, 
and repeated numerical expansion of the determinant  to a residual whose 
zeros indicate the  naturals.     Solution is carried out  on an  IBM 650 com- • 
puter.    Effective mass  and damping values at  the rotor hub in each mode 
are also calculated as part of the   same program.     Coleman theory,  re- 
ference 6,  is then applied and instability range  and damping requirements 
for each mode are  calculated. 

Numerical data for each aircraft are  obtained from weight and  stiffness 
calculations for   the helicopter  and wings,   tire  stiffness data manufac- 
'. .rer's test  data,   and  oleo  stiffness data from pneumatic  calculations 
.or each  strut.     The data is  obtained tor  a number  of  percents airborne    > 
during takeoff and landing.  - 

The  take-off attitude differs markedly from that of conventional heli- 
copters.     As  the  combined drag of the helicopter and wing ia four  times 
that of  the  helicopter   itself,   a nose-down attitude  during   take-off must 
be maintained In order   to tilt the rotors forward and get  sufficient for- 
ward propulsion force.     The following procedure was  suggested in reference 3. 

lo    The  pilot aligns the  system with the runway. 

2. The  proper wing flap setting ia made, 

3. With the helicopter  in a three point  attitude,   the 
pilot  starts accelerating the  system down the runway. 

{wms&ancpwifHPmiKww*-ij 
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4. As the speed increases, the pilot rotates the helicopter 
about the nose wheel to a nose down attitude lifting the 
helicopter main gear off the ground.  Since the wing 
weight is essentially supported by its own landing gear 
or by aerodynamic lift, the rotors support only the weight 
of the helicopter.  Therefore, the nose gear need not 
support any weight, but is used for an attitude reference 
only, 

5. As take-off speed is approached, the wing becomes self 
supporting.  The wing will automatically make any adjust- 
ments necessary for changes in angle of attack and speed 
during the take-off and climb out. 

6. Finally, at take-off the helicopter nose wheel and wing 
wheels leave the ground and the craft is fully airborne. 

The landing technique is essentially the inverse of take-off. 

8•  Air Instability 

The po&&i;i]ity of mechanical instability in flight has been postulated 
for some time, but up to the present, no known analysis has been made for 
helicopters wich lag hinges.  A related analysis for rotors with rigid 
blades was made by Hohenemser in reference 10. 

It is first presumed that a condition of instability could exist in flight 
which would be similar to that of the ground instability condition, i.e., 
lateral and roll motion of the helicopter about its e.g., and depattern- 
ing of the blades in the lag plane.  Aerodynamic blade forces are then 
written and summed to form a lateral force and rolling moment about the 
helicopter e.g.  As an approximation, the airloads are derived based on 
a rotor hovering condition in order to permit a practical analog solution. 
Therefore, forward speed does not appear in the blade tangential velocity 
expression in Appendix B-l.  These forces take the place of the ground 
spring terms in the conventional ground analysis and give the helicopter a 
low frequency roll response which is the same as that obtained in flight 
handling stability analyses where stability derivative approaches are used. 
The flapping equilibrium of each blade about its flap hinge is also 
written and represents the aerodynamically forced f!-p motion.  Flapping 
couples inertially to lag through the Coriolis acceleration terms whereii. 
blade flapping velocities produce lagging accelerations in a rotating 
field.  The lag equations of motion for each blade are also explicitly 
stated. 

> 

One more equation of motion is necessary to include the wing motion 
about its flap hinge.  The spring appearing in the wing equation is an 
aerodynamic one, and expresses the tendency of the wing to return to 
its equilibrium position when disturbed.  This is similar to the wing's 
adjustment to weight variation as fuel is consumed; when the wing flaps 
up about its skewed hinge, the angle of attack is reduced at all chord 
lines, the lift is reduced, and the wing flaps down to its mean position. 
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In both the flapping and lagging equations, most coefficients are a func- 
tion of the blade azimuth position with respect to a reference at trail 
aft for the first blade of the set.  The individual flap equation for 
each blade of the. rotor, and the individual lag equation for each blade 
of the rotor may be eliminated along with the azimuth function by the 
introduction of quasi-normal coordinates.  In the lag plane two coordi- 
nates result which represent the fixed system rectangular coordinates of 
the blade pattern e.g.; in the blade flap direction, the two quasi- 
normal coordinates are the inclinations of the thrust vector in the 
fixed lateral and longitudinal planes. 

Several sets of numerical values are obtained for the coefficients of the 
complete equations to cover variations in gross weight and rotor speed. 
These are programmed on an analog computer, and response examined for 
a step initial condition on the lateral coordinate.  Instability is 
apparent by the growth of the coordinates without limit.  These calcula- 
tions are carried out for three aircraft conditions:  (1) helicopter 
without wings, (2) helicopter with wings and 100% fuel load, and (3) 
helicopter with wings and 0% fuel load. 

> 
Id 
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III.  DISCUSSION OF RESULTS 

A.  Ground Instability Analysis 

I.  H-21 Helicopter 

Figure 1 presents the 
copter, without wings, 
helicopters.  These ar 
ponding to the helicop 
It is noted that this 
configuration, in that 
an 80" vertical ground 
has a gross weight of 
tance.  In Figure 1, t 
a rotor speed of LCD .: 
roll mode instability 
with a gradual lowerin 
the normal operating s 

two undamped instability regions of the H-21 heli- 
whlch are generally considered for conventional 

e calculated for an 11,100 lb. gross weight, corres- 
ter configuration |ust: before the wings are attached, 
configuration differs from the normal without-wings 
the latter has a gross weight of 13,500 lbs. and 
to e.g. distance, while the Figure 1 configuration 

11,100 lbs. and a 90" vertical ground to e.g. dis- 
he predominantly lateral modo instability is below 
i.ii :o?" all airborne conditions; the predominantly 
region is in the vicinity of 425 RPM for 07<,  airborne 
g until at about 80% airborne the instability is at 
peed. 

The intersection of the instability band with the normal rotor speed band 
is of concern, since excitation would be possible if there were no damping. 
Definition of the instability region beyond 75% airborne, where the oleo 
strut reaches its full extension, is somewhat controversial.  Since the 
strut piston is bottomed against a metal stop on the barrel, the spring 
rate of the oleo can be considered to have changed from a soft air spring 
to a stiff metal spring.  This stiffer spring would then cause the in- 
stability range to rise at high percents airborne.  Should an oscillation 
begin, however, the oleo piston would move off the metal stop and the 
oleo air spring would again become active and lower the instability range. 
Figure 1 takes the conservative approach and shows the instability range 
passing through the rotor operating band. 
The blade-Oleo damping combination is sufficient to control any instability 
and prevent its growth.  Table 1 presents ratios of available to required 
damping for various percents airborne and for both lateral and roll modes. 
All of these values are greater than unity, indicating sufficient damping. 
In the region above 75% airborne where the instability is shown in the 
operating region and damping is actually required. Table 1 shows a large 
damping ratio of 5.91. 
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TABLE 1 

VERTOL H-21 HELICOPTER 

AVAILABLE / REQUIRED DAMPING 

Without Wing Fuel             i 
Tanks                 | 

Case #1 #2 #3 #4 #s 
Fuselage, Percent 

Airborne 0 25 50 75 100   1 

Mode 

4.29 8.38 26.08 144.38 236.50    i 
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Roll 1.06 1.65 3.13 * 5.91 56,34 
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Ground instability results for the H-21 helicopter with wing are presented 
in Figure 2 as a sequence of ground conditions which define the normal 
take-off procedure with 100% fuel, followed by a landing with 0% fuel. 
Only the centers of the unstable regions are shown for simplicity.  The 
portion of the plot where wing and helicopter are fully airborne is obtained 
using the ground analysis.  This portion of the plot covering 100% airborne 
is shown for completeness but is not really valid; the valid air instability 
results are presented later in the Air Instability Section.  The instability 
centers shown are associated with the 4 degrees of freedom considered in 
the analysis, lateral and roll as in a conventional ground instability 
analysis plus the rigid and flexible wing modes. 

In general, with the exception of the empty wing roll instability, only the 
flexible wing instability center exists above the normal rotor speed range; 
the instability centers of the rigid wing flapping, and lateral and roll 
modas of the fuselage appear below the normal speed range.  For the wing 
empty, the roll instability appears similar to the instability which exists 
for the helicopter without wings, having an unstable range above the normal 
speed range and gradually decreasing until at 80% airborne the unstable 
region is at normal rotor speed.  Another critical area is at 0% airborne 
for the 100% fuel case where the roll instability center is just slightly 
below the normal rotor speed. 

Table 2 describes the damping ratios present for all the instability 
cases of Figure 2.  In all instances, the available damping is larger than 
the required damping.  For the fuselage roll mode with empty wings, which 
passes through the operating rotor speed and hence requires damping for 
stability, the available damping ratio is quite large as shown by the 
asterisked numbers in Table 2.  The reason for their large magnitude is 
that the relative motion at the oleos is much larger than the hub motion 
in those modes; this is explained in more detail on page 4.  Note also 
that in these winged cases, not only the fuselage oleos with damping rates 
of 2500#sec/ft static to 5000 extended, but the wing oleos as well with 
rates of 5000#sec/ft throughout the stroke are contributory to the avail- 
able hub damping.  The 5000#sec/ft rate throughout the stroke is a value 
which has been designed for and actually exceeded in tests of the Vertol 
YHC-1A helicopter. 

Reference 3 described two possible wing configurations for the H-21 and 
H-34 helicopters, a wing size required for a 2400 mile Pacific over-water 
ferry, and a wing size  required for a 1200 mile Atlantic over-water ferry. 
The analysis above was performed for the 2400 mile wings because of their 
greater weight, and because the location of the instability ranges were, 
of course, unknown at the start.  The results now obtained indicate that the 
lighter weight 1200 mile wings would probably have been more critical 
since they would have raised the fuselage roll mode instability closer to 
the normal rotor speed lange.  However, it appears that this configuration 
will produce no additional difficulties because the available damping will 
be able to control any instabilities of this light gross weight configure- 
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Total Gross Weight 
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tion even more effectively than the heavy gross weight version.  In addi- 
tion, the next higher mode involving wing pin-free bending would also be 
raised with the 1200 mile wings, but since this is already well above the 
normal rotor speed, the difference is not significant. 

Also note that, swiveling of the wing gear wheels is permitted in order to 
facilitate ground handling, although in normal take-off the gears would 
be locked.  In the above analysis, the gears were conservatively considered 
to be locked; any lesser degree of restraint, such as swiveling, would 
improve the stability characteristics by lowering the fuselage rigid wing 
mode even further below the normal operating speed band. 
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2.  HUP-2 (H-25) Helicopter 

Results of the ground instability analysis of the HUP-2 helicopter without 
wings is presented in Figure 3. As with the previous case, the predominant 
lateral mode instability is not significant as the region is located far 
below the normal operating speed range.  The center of the roll mode in- 
stability region is 325 RPM at 0% airborne, and continues downward as the 
percentage airborne increases.  The rotor operating speed band passes 
through the unstable region below about 50% airborne, so that damping is 
required. 

Table 3 presents the ratios of available to required damping.  The assump- 
tion of 5° blade swing in converting the preloaded blade lag damper to a 
viscous equivalent results in a value of 0.38 (see Section II for the 
method).  Since this is not adequate to control the indicated instability, 
and since these helicopters have been ground instability tested success- 
fully and have been operational for a considerable period without incident, 
it is concluded that the 5° assumption is overly conservative.  This opera- 
tional experience is used to obtain a less conservative blade angle.  The 
damping ratio at 0% airborne is made unity, and tha blade oscillatory angle, 
necessary to produce this condition is solved for, giving 1.87°. 

Ground instability results for the helicopter with wings are presented in 
Figure 4 using the method of presentation previously described.  Again the 
instability associated with the flexible wing mode appears well above the 
operating range, and increases to beyond ehe   limit of the plot for the wing 
empty configuration.  The fuselage lateral mode is below the operating 
speed for all take-off and landing attitude; the rigid wing mode is gener- 
ally below operating speed except at 0% airborne landing empty.  Table 4. 
reports the available damping ratios based on the 1.87° blade swing cal- 
culated above, and gives a value of 3.42 for the rigid wing critical con- 
dition, sufficient to control the instability.  The roll instability center 
is in the normal rotor speed band at 0% airborne, but the damping ratio 
table shows a value of 1.87 so that the condition is acceptable.  The roll 
instability center passes through the rotor band in the flight condition, 
but the results here are more properly described in the Air Instability 
Analysis section. 

The wing considered in this analysis of the H-25 represents a proposed 
test configuration, and is not related to a specific ferry range require- 
ment.  A description of the wing properties together with the detailed 
analysis for this aircraft is given in Appendix A-5. 
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TABLE 3 

VERTOL H-25 HELICOPTER 

AVAILABLE  /  REQUIRED DAMPING 

Without Wing Fuel Tanks 

Blade Lag Angle 5.00° 1.87° 

Fuselage 
Percent Airborne 0 50 0 50 

Mode 

1.57 10.15 4.20 27.10 
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VERTOL H-25 HELICOPTER RANGE EXTENSION 

2. FLOATING FUEL TANKS 
Helicopter Gross Wefqht: 5.389 lbs. 
Winq Empty Weight (ea.,): 375 lbs. 
Winq Full Fuel Wei'qht (ea,): 1 ,500 lbs. 
Total Gross Weight 

FulI Fuel 8.389 lbs. 
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3•  Sikorsky S-58 (H-34) 

A similar ground instability analysis was performed for the S-58 helicopter 
without wings, including lateral and roll motions of the fuselage, and in- 
cluding adjustment of the basic analysis to compensate for the axle landing 
gear arrangement.  Results of this analysis are presented in Figure 5.  As 
noted previously, the unstable region related to the lateral frequency is 
of little significance as it is located well below the normal rotor speed. 
The center of instability related to the roll frequency is at 340 RPM for 
07» airborne and drops with percent airborne until it passes through the 
rotor speed band at about 80% airborne.  Note again that the conservative 
non-bottoming assumption has been made for the oleo behavior at fully ex- 
tended as described under the H-21 section.  The alternate assumption of a 
rigid strut would raise the high percent airborne cases up out of the rotor 
band . 

> 
ui 

Table 5 gives the available to required damping ratios based on both 5° 

blade swing, and the 1.87° swing found necessary for a stable prediction 
of the HUP-2.  At low percents airborne, the damping ratio for either 
blade swing is quite small because of the small available oleo strut damping 
(see Appendix A-6).  However, the instability range is above the operating 
rotor band, and no damping is theoretically required.  At 7 5% airborne, 
damping is required because the instability region dips into the rotor speed, 
but the damping ratio is still less than unity, meaning that insufficient 
damping exists for stability control according to the Coleman theory used 
here, unless blade lag motion is restricted to much less than 1.87° swing. 

Figure 6 presents the results of the ground instability calculations for 
the S~58 helicopter with floating wings.  For 0%  airborne, the flexible 
wing mode instability is above the operating speed range, and the fuselage 
lateral, rigid wing, and fuselage roll instabilities appear below the 
normal rotor speed band.  However, the center of the fuselage roll insta- 
bility is close to the normal rotor speed, so that its instability region 
would intersect the rotor band.  Decreasing the wing fuel to 0% raises the 
flexible wing mode instability beyond the limits of the plot; the other 
mode instabilities are also increased such that the fuselage roll and rigid 
wing modes are located near or in the rotor band during landing. 

Table 6 presents the available to required damping ratios for the wing tank 
configurations based on the more conservative 5o blade swing assumption. 
This approach is possible with the wings on, because the wing landing gear 
oleos will have a damping capacity of better than 5000 lb.sec/ft., sufficient 
to control the stability of the helicopter-wing configuration.  Table 6 
shows that all the damping ratios for the modes which pass through the rotor 
band, that is fuselage roll and rigid wing, are greater than unity thus 
providing sufficient damping in all cases.  The only values less than unity 
are for the wing flexible mode, and these are not significant because the 
instability center is so far above the rotor operating speed. 
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MECHANICAL   INSTABILITY ANALYSIS  OF 
SIKORSKY  S-58  HELICOPTER  RANGE  EXTENSION 

WITHOUT WING  FUEL  TANKS 
Gross  Weight:   9,300   lbs. 
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TABLE 5 

SIKORSKY S-58 HELICOPTER 

AVAILABLE/REQUIRED DAMPING 

Without Wing Fuel Tanks 

Blade Lag Angle 5.00° 1.87° 

Fuselage 
Percent Airborne 0 25 50 75 0 25 50 75 

Mode 

0.03 0 05 0.21 1.47 0.08 0.15 0.57 3.86 
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MECHANICAL INSTABILITY ANALYSIS OF 
SIKORSKY S-58 HELICOPTER RANGE EXTENSION 

USING FLOATING WING FUEL TANKS 

Helicopter Gross Weighi 
Wing Empty Weight (< Lea 

9.3QQ lt?s 
1.000 lbs 

Wing  Full   Fuel   Weight   (ea.):     8.000  lbs 
Total   Gross Weight 

Full   Fuel ;   25.300   lbs 
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B. Air Instability Analysis 

1.  H-21 Helicopter 

The results of the air instability analysis for the H-21 are summarized 
in Table 7.  "S" indicates a stable response to a lateral step input, 
"U" indicates an unstable response and "N" indicates a response with 
neutral stability.  The three conditions considered are (1) Helicopter 
Without Wings, (2) With Wings 0% Fuel, and (3) With Wings 100% Fuel.  Two 
columns labeled respectively "No Flap" and "Flap" appear under each of 
the three conditions, and imply a solution where in the former the blade 
lag equations but not the blade flap equations are used, and in the latter 
where both the flap and lag equations are used.  With wings on, additional 
subcategory columns appear designating (1) solutions with only the normal 
aerodynamic damping of the wings labeled "No Mech. Wing Damp&x" and (2) 
solutions with added mechanical damping at the wing hinge equal in 
magnitude to a second aerodynamic damper.  In some instances, there are 
cases where the normal wing aerodynamic spring, "1.0 K", has been reduced 
in value to 0.5 K, 0.75 K or 0.80 K.  Row headings on the left give the 
rotor speed in RPM and radians/second and describe cases with and without 
blade lag dampers. 

Helicopter Without Wings 

The normal helicopter Without Wings and No Flap (blade lag only) is shown 
in Table 7 to be stable throughout the rotor speed variations.  It is 
clear from this that no reference frequencies, that is, natural frequencies 
of the helicopter body, exist in this configuration to induce instabilities, 
When the Flap equations are employed with blade lag, instabilities appear 
from 150 to 320 RPM for the blades without lag dampers.  With the normal 
lag dampers active, these instabilities disappear. 

This indication of an inflight instability, independent of mechanical 
kinematic coupling, but dependent on Coriolis acceleration from flap to 
lag, is new and so far as is known, has not been predicted analytically 
before.  While no specific test; data is known for this condition, it is 
not in disagreement with normal iiight characteristics, since it is pre- 
dicted that the blade lag dampers are sufficient to prevent the instabil- 
ity.  The lag damping requirement was investigated in more detail, and it 
was found that a damper with an equivalent viscous rate 40% of the normal 
rate was sufficient to prevent the instability. 

The validity of the aerodynamic representation for the flapping rotor was 
affirmed by another check which considered only the helicopter coordinates 
y and  and the blade flapping equations. Under a lateral step input, a 
long period oscillation of about 9 seconds appears whose amplitude grows 
slowly.  This is the same roll oscillation of the helicopter which is pre- 
dicted by lateral stability equations using the conventional stability 
derivative approach.  The 9.5 second period run is illustrated in Figure 7. 
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H-21 RANGE EXTENSION 
AIR INSTABILITY ANALYSIS 
(LAG EQUATIONS OMITTED) 
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Helicopter With Wings, 0% Fuel 

a. No Flap (Blade Lag Only) 

The helicopter with :•% fuel in its wings, and No Flap (blade lag only) in 
Table 7 has an instability between 200 and 320 RPM, the latter being the 
maximum rotor speed considered in this analysis.  This instability appears 
with either no blade damper or the normal blade damper.  It can be elimi- 
nated by reducing the wing aerodynamic spring to 0.75 of its normal value 
or by providing a damper at the wing hinge as shown in the "Mach. Wing 
Damper" column in Table 7.  This instability closely resembles ground in- 
stability since it results from a reference natural frequency; in ground 
cases, this reference frequency is produced by the helicopter on its tire 
and also springs; in the air, this reference frequency is produced by the 
wing aerodynamic spring. 

b. Flap (Includes Blade Flap and Lag Motions) 

Results of the more complete mslysis considering both flap and lag motions 
appear in the next set of columns in Table 7.  These results differ some- 
what from those with lag motion above, and are presumably more represent- 
ative of the actual situation.  With no mechanical wing damper and with 
no blade dampers, the helicopter is neutrally stable at 100 and 150 RPM, 
and unstable from 200 RPM upward.  With lag dampers, the neutral points 
become stable, but the unstable points from 200 RPM upward are unchanged. 
Since this Instability exists at normal rotor speed, it is critical and 
must be eliminated. 

One means for eliminating the instability is shown in Table 7 to be a re- 
duction of the wing aerodynamic spring to 0.75 of its normal value. 
Another approach, the mechanical wing hinge damper with a damping rate 
equal to the aerodynamic wing damping, is also shown to eliminate the in- 
stability.  Additional analog runs were made at 258 RPM normal rotor speed 
to find the minimum wing damper actually necessary for stability, and it 
was found to be ISX of the wing aerodynamic rate. 

Since this last means, a small damping increase, was found to be reason- 
able, the aerodynamic analyses were, reviewed.  The aerodynamic damper anal- 
ysis. Pages B-17 and 18, and the aerodynamic, spring analysis. Page B~16, 
were based on Theodorsen quasi-static aerodynamics. Reference 10, using 
only the thrust term so that the resulting value was quite conservative. 
These analyses were rederived on Pages B-19 through 21, using the complete 
quasi-static thrust and moment expressions from Theodorsen,  The new re- 
sults show a 15% Increase in wing aerodynamic damping, and a 20% decrease 
in the wing aerodynamic spring.  These two refinements are sufficient to 
make the critical condition stable, so that the aircraft with 07» fuel 
wings is predicted to be stable, although the margin of available, over 
required damping is small.  It should be noted that none of the basic 
calculations presented in this report Include the modified effects of this 

?J      Increase in damping and reduction in aerodynamic wing spring. 
K 
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In view of the marginal damping for this condition, experimental wing damping 
characteristics obtained in the wind tunnel model tests were compared with 
calculated values, taking account of scaling effect.  Details of this scaling 
are given in Appendix B-4 for the HUP-2 configuration which was tested in 
the tunnel.  It was found that the test wing aerodynamic damping exceeds 
the calculated by about 50%, therefore adequate damping should be available 
to eliminate the instability in this condition. 

Helicopter With Wings. 100% Fuel 

The four columns on the right of Table 7 record the results for the 100% 
fuel case.  With No Flap, No Mechanical Wing Damper and No Blade Damper, 
the unstable band appears between 150 and 200 RPM. This band is lower and 
narrower than for 0% Fuel, which is attributable to the lower roll natural 
frequency resulting from the large fuel mass. The presence of the blade 
dampers does not remove this instability.  Since the instability is below 
240 RPM normal operating speed, it is considered acceptable.  Nevertheless, 
it is shown for information that a 50% reduction in the wing spring would 
lower the Instability below 150 RPM, and that a mechanical wing hinge damper 
would eliminate the Instability altogether. 

The complete case with flap and leg motion shows that without lag dampers, 
the aircraft is unstable from 150RPM upward.  With the normal lag dampers, 
the aircraft is stable from 240 RPM upward.  Since this includes the normal 
rotor speed of 258 RPM, the 100% fuel case is predicted to be operationally 
stable. 

As a matter of Interest, the instability appearing below 240 RPM is due 
to the wing fuselage coupled natural frequency on the wing aerodynamic 
spring; it can be placed at a lower rotor speed by reducing the wing aero- 
dynamic spring, or providing a hinge damper.  The less conservative spring 
and damping analysis reported above for the 0% fuel case would also be 
effectual here, but was not carried out since this case was not critical 
at operating rotor speed. 

Note in general from the previous discussion that there are apparently 
two types of instability appearing, both manifested as disturbances in 
the blade lag pattern as in ground instability.  The first is due to an 
aircraft reference natural frequency about 30% below the normal rotor 
speed which places an instability range in the operating speed just as in 
ground instability; the second instability is induced by blade flapping 
causing blade lag depatternlng.  The first can be remedied by lowering the 
instability range below the normal rotor speed and/or providing wing hinge 
damping, the second is controlled by blade lag dampers which are already 
on the helicopter to deal with ground instability. 

> 
hi 
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Effect of the Wing Hinge Angle on the Aerodynamic Spring 
One means generally considered whenever a change in wing aerodynamic spring 
is sought, is that of changing the wing hinge angle from the 45° that has 
been selected as optimum from the standpoint of flight controllability. 
While operational stability has been obtained above by other means, it will 
be shown here for record purposes that the small hinge variations are not 
very effective in reducing the aerodynamic spring.  The simplified aero- 
dynamic spring expression is K =\lkf>aa0    C0V2L2COS ^ sln(70   .  Considering 

only the portion dependent on the hinge angle, the expression reduces to 

'o^W rKcos^o   sin a0  or  Kx, W =^ sin do The variation of aerodynamic spring, 

K^^yfrom the present value for ^ = 45° is shown in the curve below. 

3   / 
t       x0Cw 

-k \ 

7? 

_ 

V 

c —1— 
2C 

AN'SL E       $„ ^    LireK. per. 

The curve above indicates that varying the hinge angle 10° or so, which 
would be tolerable from a performance standpoint, would produce only a 
negligible change in the aerodynamic wing spring. 

> 
hi 
01 

Test Procedure 
While analysis indicates    aircraft to be free from instability on the 
ground or in the air, iQasonable prudence suggests that a test procedure be 
carried out prior to the first flights.  This should consist of ground 
resonance tests, with the rotors turning, with the aircraft in a quick acting 
snubbing rig, as for conventional new model helicopters prior to first rev- 
up in a free condition.  Because of the difficulty of recovering from ground 
resonance during a running takeoff, tests should also be run in the rig using 
a spring, characteristic of the wing aerodynamic spring, to support the wing 
and thus safely simulate partially airborne conditions encountered during 
actual takeoff.  This could be followed by tests at forward speed on a long 
runway with the wings fully loaded, the most conservative case.  The wing 
would become airborne at about 80 knots, and if any sign of instability were 
noted, the wings could be dropped back on their wheels which would change 
the conditions and eliminate the oscillation.  Finally, the test could be 
repeated with the more critical 07. fuel wings until the whole operational, 
range had been covered, and then full scale flight testing could begin with 
assurance, 

It is further recommended that provision be made for the installation of 
small wing flap hinge dampers on the prototype since damping is predicted, 
in some cases, tobe marginal. ' ' 
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2.  H-25 Helicopter 

Table 8 presents the air instability results for the H-25 in three con- 
figurations, Without Wings, With Wings 07» Fuel, and With Wings 100% Fuel. 
Cases were run at the normal rotor speed 290 RPM, and a 50 RPM increment 
above and below this speed, 240 and 340 RPM. 

Helicopter Without Wings 

Without wings and without the flap degree of freedom, the helicopter is 
stable at all rotor speeds.  This is because no reference frequency exists 
to induce the rotor lag type of instability.  With flap motion of the 
blades permitted, an instability appears at 240 and 290 RPM which is re- 
moved when the blade dampers are active.  At 340 RPM, the flap instability 
persists even with the blade dampers.  Since these helicopters are opera- 
tional, and since they have been operated at high autorotative speed with- 
out incident, it is apparent that this flap instability is either slightly 
higher than predicted, or that the available damping is higher than that 
calculated.  As noted in the Ground Instability discussion, the choice of 
blade oscillatory amplitude in important in converting the preloaded 
hydraulic damper to a viscous equivalent.  With a blade angle somewhat 
less than the conservative 5° used here, a stable condition would be ob- 
tained . 

Helicopter With 0% Fuel Wings 

With empty wings and no flap, the helicopter-wing combination is unstable 
at the three rotor speeds considered.  The addition of blade dampers and 
a mechanical hinge damper with a rate equal to half that of the aerodynamic 
wing damping will remove the predicted instability.  With the flap degree 
of freedom permitted, the results are not changed.  As noted under the 
H-21 results, the wind tunnel data for the H-25 gave a damping ratio of 
0.24 compared to a calculated magnitude of 0.16.  This means that with 
this additional damping, the helicopter wing combination would be stable 
without additional damping. 

Helicopter With 100% Fuel Wings 

Table 8 shows the results with 100% fuel to be identical to those with 
07. fuel.  The additional damping indicated by the wind tunnel tests will 
therefore again be sufficient to make the aircraft stable. 
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3.  H-34 Helicopter 

Table 9 summarizes the air instability analysis for the H-34 in three con- 
figurations . 

Helicopter Without Wings 

As with the previous helicopters, calculated without the flap degree of 
freedom, the absence of a reference roll natural frequency prohibits the 
appearance of an instability.  With the blade flap degrees of freedom in- 
cluded, an instability appears without lag dampers at 170 and 220 RPM 
which is removed when the dampers are reintroduced.  At the highest rotor 
speed considered 270 RPM, 50 RPM above the normal, stability is more 
difficult to achieve.  With a viscous equivalent rate 1.5 times the nor- 
mal, stability is attained.  The normal viscous damping rate was obtained 
here as in the previous aircraft discussed, by assuming a 5° blade swing and 
converting the damper preload into a viscous damper capable of dissipating 
the same energy.  As in the HUP case, the selection of a smaller blade 
angle of about 3.33 degrees would have produced stability. 

Helicopter With 0% Fuel Wings 

With empty wings a lag type of instability exists for the three rotor 
speeds considered without damping and both with and without the flap 
degrees of freedom.  The blade lag dampers above are in no case suffi- 
cient to remove the instability.  The use of a mechanical wing hinge 
damper equal in magnitude to a second aerodynamic damper, along with the 
blade dampers, does make the aircraft stable.  As with the HUP-2, the use 
of wind tunnel test damping ratios would mean an increase in wing aero- 
dynamic damping, and a decrease in the required size of the wing hinge 
damper. 

Helicopter With 100% Fuel Wings 

With fully loaded wings, the lag instability is reduced to 220 RPM and 
below in the No Flap case, and can be controlled at normal 220 RPM by the 
standard blade lag dampers.  With the flapping degrees of freedom added, 
the situation is similar except that at 270 RPM a flap induced instability 
appears which requires the combination of normal blade damper and 3/4 
normal wing hinge damper to remove. 
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IV.  CONCLUSIONS 

The helicopter range extension system consisting of hinged wing fuel tanks 
has been investigated for acceptable characteristics in ground and air 
mechanical stability. 

Ground instability characteristics of the H-21, HUP-2(H-25), and H-34 with 
floating wing fuel tanks were investigated through a simulated takeoff 
with full tanks, and a landing with empty tanks.  Four modes were calcu- 
lated representing dominant motions respectively in aircraft; lateral motion, 
wing rigid body flap, aircraft roll motion, and wing first pin-free bending. 
The aircraft lateral, wing flap and aircraft roll instability ranges were 
generally under the normal rotor speed excitation band, and the wing first 
bending instability range was well above it.  The aircraft roll instability 
range and the rigid wing flap instability range were nearest the rotor 
speed excitation, and entered it during some portion of the takeoff or 
landing sequence.  With the wing oleos assumed to have the characteristics 
of the VERTOL YHC-1A main gears, however, sufficient oleo-blade lag damping 
was always present to prevent the growth of the instability. 

Two types of mechanical instability were shown to be possible in the air; 
one due tc reference natural frequencies of the fuselage-wing system on 
the wing aerodynamic spring, similar in concept to the ground instability 
case with its ground spring reference frequency, and the second due to 
rotor blade flapping causing blade depatterning through Coriolis accel- 
eration between flap and lag.  The second type was shown to occur in heli- 
copters without floating wings as well, but to be controlled by the normal 
blade lag dampers.  The winged configuration of the three helicopters were 
shown to be stable in the normal operating rotor speed range, but the 
tanks empty condition was nearest to being critical. 

To insure safety ir 
that: 

prototype flight test vehicle, it is recommended 

> 

1. The wing natural frequency pin-free be above 1.1 CO. 

2. Provision be made for wing flap dampers with a rate of about 
10,000 ft.lb.sec. 

3. Wing flap dampers be installed on the prototype vehicle. 

4. A build up ground resonance and air resonance test program be 
conducted prior to and in conjunction with initial flight 
test operations. 

5. Additional tests aimed at eliminating the wing flap dampers 
be carried out. 
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SYMBOLS 

JW     Mass of aircraft including wings and blades 

r-      Roll inertia of aircraft about CG including wings and blades 
J-o/ ... 

K. 

concentrated at hub 

Spring rate of main gear oleo 

CL Damping rate of main gear oleo 

yt-' Lateral spring rate of main gear tire 

S Vertical spring rate of main gear tire 

''St Lateral spring rate of nose gear tire 

*^ Vertical spring rate of nose gear tire 

^ Distance from main gear pivot point to 0 oleo 

-*L Distance from aircraft CG to nose tire axle, normal to rotor plane 

Jf^ Distance from main gear pivot point to tire axle, normal to rotor plane 

'ft.. Distance from aircraft CG to main tire axle, normal to rotor plane 

&.0 Lateral distance from main gear pivot point to 0 tire 

£( Lateral distance from <t  main tire to t  aircraft 

-K_ Distance from aircraft CG to forward rotor plane 

■R.^ Distance from aircraft CG to aft rotor plane 

Tp Constant: thrust of forward rotor 

"7^ Constant thrust of aft rotor 

(Cs Spring rate of wing gear oleo 

^--.Sy^ Damping rate of wing gear oleo 

■^-^^ Lateral spring rate of wing tire 

*H ■e-w 
Vertical spring rate of wing tire 

^w Aerodynamic spring of wing 

C«.^ Mechanical wing damper at range 

-n-a  Distance from aircraft CG to wing tire axle, normal to rotor plane 

M-j    Distance from t  wing hinge to wing tire axle, normal to rotor plane 

C-Z      Lateral distance from aircraft CG to 0 wing tire 

^•j    Distance from wing hinge to center of wing tire, parallel to rotor plane 
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SYMBOLS (Continued) 

£.. Lateral distance from J^ aircraft to 0  wing hinge 

Co    Angle between t  aircraft and 0 wing hinge 

V  Forward speed of aircraft 

XL Normal rotor speed 

Uj^ First bending natural frequency of wing 

CX^  Modal slope of wing at hinge 

(0 
c< ^  Modal slope of wing at gear point 

Wa, Modal deflection of wing at gear point 

Q-1     Mass property of wing 

^2 Mass property of wing 

^3 Mass property of wing 

'■ä-tf.   Mass property of wing 

'-■*'£'  Aerodynamic damping constant of wing 

(*   Aerodynamic damping constant of wing 

Q-7 Aerodynamic damping constant of wing 

Q'S  Aerodynamic damping constant of wing 

^^ Aerodynamic damping constant of wing 

CL.,0 Aerodynamic damping constant of wing 

S^ Rotor blade lag hinge offset from rotor center 

^ Rotor blade lag mass 

Tg^ Rotor blade lag moment about lag hinge 

^ Rotor blade lag inertia about lag hinge 

*(<.r  Rotor blade lag spring rate 

P  Preload of rotor blade lag damper 

C  Viscous portion of rotor blade lag damper 

^-a Radial arm of blade lag damper 

^ o Single amplitude of rotor blade lag motion 

UJ Trial frequency in IBM program 
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SYMBOLS (Continued) 

AuJ Frequency increment 

^JL Limit frequency of natural frequency search 

Jl-    Number of rotors per aircraft 

^  Number of blades per rotor 

THEORY Determination of reference natural frequency, effective hub mass, 
effective hub spring and effective hub damper for a coleman type 
mechanical instability analysis 

Consider an aircraft on the ground or partially airborne as 
shown on Pages A-2, 3 and 4.  The following degrees of freedom shall be 
assumed: 

Coupled lateral-roll motion of aircraft about center 
of gravity 

Rigid body flap motion of floating wing on its hinge 

Generalized deflection of wing tip in the first pinned-free 
bending mode 

Angular displacement of main gear oleo 

Vertical displacement of wing gear oleo 

Associated with the first bending mode are the quantities defined as follows; 

LÜ 

(X 0) 

2 0) 
w. 

Natural frequency 

Modal slope at station i 

Modal deflection at station i 

The total kinetic energy of the system is 

u + -4- T.cCV^r 2 •<*, 

i system is 

the term is dropped because it has 
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For convenience, all terms involving the summation integral 
will be denoted as follows: 

al  = \    *i*i2 

a2   = 
5. « (1) 2 

i MiZni 

■' < ■> fM,<34"; V^ 

a4  = ^Mi(E4 + r.) 40 

a5   = ?:cz.(E4 + ri)2 

2 

i 

a6  = l \ 'i 

a7   = 
(1)2 

a8  = ?-CZi(E4 + r.)ri 

(1) 
a9   = ^ CZl

<E4 + VS 
a10  = rzw- 

Ice 
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A  ^   0 
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FR-eQULtJCY     6üA     TO    PEFsFoKhA    A     COLEHAN   TYPB     MBCHANICAL 

IHSTA61L/TY    ANALYSIS   . 
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Now, the motion along the strut is obtained from in projection in the vertical 
long plane. 
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Roll Ineptla - From Report 18-D-05,  "Theoretioal Analyses of HUP-2 
Gromid Resonance",  page  2.007,  reference 12,  I «. = 12 x 971 = 11,6^0 lb, - 
sec^in. for a gross weight of 178,1 x 32 = 574.0 lb.    The gross weight 
of the helicopter for the present mlseion is taken from reference 13 for 
a fully fueled helicopter without cargo as 5369 lb«    Ratloing the inertias 
gives 

1^  = 1^      11,6^0 = 10,953 lb, sec2 in. 

^ " M = 3^?t = 13 #95 lb' seo2/in. 
The empty wings are estimted to weigh 375 lb, each, 

2,    Mass Properties - with Wines.  Q^ Fuel 

The vertical C.Q. of the wing fuselage assembly is 

7 - 538? K.S4      „   = 21" 6 - 2(375) + 5389     'a 

K^-. Kf--  T»' 

iis1 

•*- Wy   Y" 

iko IbO' 
its 

uaoKtOa       ^*"T 

TORM msc {yJ*^- 
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The 1ongitudinsi U.G. of the wing fuselage assembly is 

5^89 -i 750 

,i8 

* -)o. 

-»So« 
hi 

 8o 

n 
/34.4- H 

f$ -<>■ 

saeq1 

1 C.(i. 

H = S^HgiJZ^ = 15.89 lb.  seo^ln. 

M wing = 0.97 lb.   secVin. 

Roll inertia of helicopter and wings about G.G.   (locked hinge) 

Wing inertia about its G.G. 
 /feo 

-v: ^ 
^ 3TS ' 

1 = 12    fi  (252-9ü)2 

I = 2133 lb.  sec^ in. 

lo,  =13.95 x  (3) + 10953 + 210.971 (160)2 +  (2l)2> + 2133 

= 125.55 + 10953 +  55,320 = 66,398 lb.  sec2 in» 

mktsmttU*?.-ü: m .''.,rü.\iX*JiM&.ilm.UiJl:;-iAUUlStii ■ l>/i^fMViMljtflW^.«iUfja*MI 
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3.    ^kgs Properties  - with Wings.  100% Fuel 

Each wing carries 1125 lb.  of fuel for a total loaded weight of 
1125 + 375 = 1500 lb.    The vertical G.G.  location of the  wing fuselage 
assembly is now 

x = ^9 y 34 =15.A" 
2(1500)  + $389 

I Sco* 3=H C.6 

./to -4 
CooKlwc.       *>F"T 

-^- 
IJOD 

and the longitudinal G.G. location is 
F<wO POTO R. 

Z^ 

T      e.as'i 

I*- si-VlJ 

^ 
Co>. 

5i31* 

-v 
-1 

combined C.G. distance from wing hinge = l^sMMf^      = 51-4." 
5JoV + 30ÜÜ 

M = £82 ± 3000 = 2!.7! lbo.S9C2/ln. 
386./; / 

Roll inertia of helicopter and wing about G.G. 

Wing Inertia about hinge - E.A. intersection 
, x 5^ "  

— V- 
/ 
/- 

1 

■= ri   ^ («2-50): 

I50O- 

> 
a: 

I = 8533 lb. secVin. 

I ^ = 13.95  (8.85)2 + 10953 + 2 I 3.88 /(160)2 +  (15.-02] + 8533 

= 1092.6 + 10953 + 219144» = 231190.     Ib-^*1—<w 

hi-.Uc -  ai.es:' 
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4,.    fctndini? .Gqar Geometry 

D«termination of the arm of the main gear 

**/ 

Xt   m  -10.^ XA     -    24.0 ^   XB    =    17.2 

y«. « -11.6 t^    » -24.8 >r6  m ^40.4 

lt »   34.4 £A   -    11.0 a,, »  n.o 
Equation of Una 001 

-l^a -xns   ^"^ 
or 

X ■ -.302-2. 

>r » -.337* 

Equation of line ABj 

%.   • 11.0 
on 

E.   <= 11.0 

^^'^^ 
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A plane passing through CC and parallel to ground; 

x + AY + .302 Z + .337 Az = 0 

parallelism gives: 

l(-6.8) + A (-15.6) - 0 

A = 6^8 = -  436 
15.6 

Thus the equation of the plane is; 

x - 0.436 Y + 0.155 Z = 0 

A plane passing through AB and parallel to CC; 

X-24.0 + Ag  _ Y + 24.8 +  n   n A      er: 
-6.8 -15.6 

0 -15.6x 4 6.8  Y +  106.0  AZ +  542.5   -   1166.0 A 

para J le] i stn give ;-,; 

(-15.6)   (-10.4)  -l   (6.8)   (-11.6)   -:    (;06.CA)   (34.4) 

A =   -  83.5   =     -0.0228 
3650 

thus the equation of the plane is; 

x  -   0.436  Y + 0.155Z   -  36.52  =  0 

therefore the distance between the above // planes is; 

lo  = 36.52 
1 + 436^ + .1552 

- 33.2 in. 

»%A itmr   fa/acft 
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5»    First Flexible Bending Frecmeney of Floating Fuel Wines 

Fwo 'ao'' j 

^o' 

EA 1_ 

S^Si" 

AIRCRAFT 

Natural Frequenoy 

U^  = 15.4 l/^ , wherej 

El = 1250 x 106 lb. In2 , 

L    = 252 - 80 = 172 in, 

M   = Total mass of wing 

Mo      =   38574 = •9705    lb- 090 /ln 

^00 = W.u = 3'882 lh' S9c2/ixi 

Than» 

(0% fuel) 

(100^ fuel) 

^0   , = 15'4/.97of x 17^       = ^^    raXi/8e0 (0^ fUal) 

^100 a 15o4|/3^f x 17^3        =122,5    rad/Be0 (100* fu«l) 
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6.  giffg SBCü» Biia 

u Ü jTiaq1 

ITI..3 

IF. 
(Fwi Reaotlon) 

A » A.4L in2 

- 

Fi 
(Aft Rapctio 

E^ » 0 » F2 (177.3) - 5389 (26) 

J(1 « 790 lb#/g«ar 

ri ■ 2300 Ib^gear 

01«o prop*rtl«B# 

Vs « 13.27 in3 Vc « 3,50 1«? Y^ « 69.95 la5 

PU. « 2.296 in. 

OJt idrboriM oas« - 

....  f; 

^«68« 

_    ^Qö    AM   O,^ 
*0 " tiM^/   B! ,927 " S/*BL •i, 

«M na 

g 
CftfuMD     MM* 

■■-^- .;■■■ ■ ^■■.. ^ ■ ■-■■>!:■■ ■ . 
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C ^ M = (2481) to«2?) B 7i466t lb# ia%   (con8tant) 

K^s —^   (n=l for Isothermal oompresslor« of the oieo) 

Ks « 
(äs$£$^) " 824.6 : lb.„/lxu 

50J6 Airborne case 

Assume F m 1241 lb. o 

V = Ä2   = (4.41)^746^) a 26.53 it? 

'?£& m 206.3 lb./ln 
(26.53, 

100^ Airborne oaae 

For oomputsr program purpose assumei 

Kg = .1 XB & 0% Airborne m  82.5 lb./ln« 

Wing oleos Eire assumed to have the same properties as the main oleos« 

7* Aerodynamlo Soring Rate of Wlna 

K^ m 1/8 ^ Ct^ C0 V
2 L2 = | (.1147 x 10"6) (5.75) (60) (172)2 V2 ■ 

a ,U63 V«2 

8. yire Spring Rate 

Reft 12 

Main Geari One 6,00-6, 4 pr tire at 75 pet 

Tall Oeari One 10 x 3, 4 px; tire at 55 pel 

.» 
ÜJ 
fr 

% Airborne 
Vertical Rate Lateral Rate 1 
Main Tail Main Tail 

0 

50 

1575 

1438 

798 

718 

630 

575 

319 

287 
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9. ^Bisa and Aerodvaamlo constants of Wings 

C. = 80 -M = mass per unit length of wing 

j? - 172 In. Y a  aerodynamlo wing damper per unit length 
of wing 

a. 0% Fuel in Wings 

> «ip^C.Vci (,1U7 x 10"6) (5.75) (60) V ■ .00001979 V 

Case Ij V = 0 Knots 

=    ^ m Z.'-J     a   o.+4,14. 

r   '-    -k C^ MP'*- * d. «J?1 * niAS 

ft5   "  /if^CoV (^trj^i-  =    > f(e^fY^Jr 

a6   "    f 1 f a-0'CaV'Vxe/r   '   0 

i o 

J 
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Oas« II; W m BO Knots 

> * 0.00001979 x 1621 a 0.3208 

«^   e 9498 

a2   « .4696 

16125 

a.    a -24.56 
4 

a.    .    > r^t^ra 0.3209 (1100800. + 2366720 + 1696160) - 165700. 

a6   "   ^frX^ K ,OOOGL979 x 1621 (I696I60) m 54412 

a7   » rfAtr^^^^^C^ 

ag   s > C rfe^tv^Jr « .00001979 x 1621 {BQAH? + I696I6O) » 92375 
a 

•9   ■ > L^^C^V+VJa^ —125.76 

•10 B  V t^^ " "l0'*(> 

b.    100% Fuel In Wings 

Case III|  V = 0 Knots 

386.4 

0 

X   *      =  «0224 

*2 

•3 

ft4 
ft5 

m JurUv   « J (.0226)  (172)' 

"  E.^^£)V  ■ 1.8784 

■  CM C^v+O^rVr« 64500 

« -98.24 

Ba6 = a7Ba8S»a9aa;LO=0 

37993 

HIM li/ul 



MEPAR«  BY; VERTOL     DIVISION PAOENO.     A" 4 O 
CHECKEDBV t BOEING AIRPLANE COMPANY ""^NO     5^19J DATEi June I960 MODEL-NO-     HÜP-2 

a: 

Case IV}  V = 80 Knots 

>   = (.00001979)   (1621) = .3208 

I       ■ 37992 

i      » 1.8784 

Äj     m 64500 

a       ■ -98.24 

a       = .03208 f^f ^.ty) Jv-     = 165700. 
■{ \    J 

m ,03208 TrVv-      = 54a2 

a-     =  >£ar i^ * 2.404 

£6 

a8 = > j^V- (e^v-) Jr = 92373 

»o ■ > E^^^^'TJiw*» -125.76 
7 

^o m >  ^VlA'rJ fev0» -10.56 

IgfcWUWB'WIwmitB-MIJnPW'WlMM 
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6"0 /oo 

a: 

a, 

a» 

04 

a» 
a,. 

M 

Cs 

L 

18 ««V,« 

IM 

M 

IN 

IH 

in 

IN 

IM 

«.a 
t.a 

'IN 

iV^l 

104 

'05 

/Ofo 

loV 

/os 

109 

I/O 

(1/ 
II? 

(13 
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M7 

lit 
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Hi 
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Hi 
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lit, 
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(«I 
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APPENDIX A 

6. Ground Instability Calculations 

Sikorsky S-58 (H-34) Helicopter 

> 
LJ 
IT 

FORM 111BC   (3/»0) 



A6S 
R-197 

"S FT  1OIN 

"■  12 FT  

14 FT 3.4S-IN. 

HFT 10 FT  SIN 
B.44INJ | 

!9FTe.44IN 



JTT 



aiau 

r TUST TOurMiuf^   eajkjvVA^j 



VIF w   A-A 

STATICS- POSmOtV 



-C^rj.PE    JKliJ   -AU   A-LOV  

\/IFV\/   A-A 
EJAC üiUfii 

IT)    THAT   .-iHOWU   RQg    M-21    Ou    OvVS   UO. 

PRINT REDUCED 
ONE -QUARTER 

INDICATED SCALE 

s*a sag- I^M&E aaittxM sa 

■arsstUH 

^""if B3B 

VCWVOL . 
-m4i***v 



PRETPARED BVi 

CHECKED BY) 

DATE' June 1960 

PAGE NO.      H -   /0 

VERTOL AIRCRAFT CORPORATION ,,EPOHT NO     R-197 
MODEL NO, 

/.     MASS  P&op&^.Ttes 

G.W.      wiTHoo-r    FuoftTVK>G   "Foev.   W\V4G- 

93 oo* 

Rou^   I^eE.T\^     W\THOOT   FLOKTVMGI  Fuet WlMG 

Iv    = 582 4 „.üoo. . 407 5 sCOG FTX. 463SO ^Sec^-iH. teF. Ps, A-6fe 
i33oo 

^•'       P^OPEg-TlES      WITH      FL-O^T\Vc>G     F^EL.     W t N G-    C\0O % Foei.; 

Roxo«. 

I 
Pufttoe 

8o" 

g3oe> 

25300' -e 
4- eosÄf 

3l.fe 

16.4 

SO.O 

24Z.5 E4Z.5 

G.v^. 9 3oo    +   E (8ooo^ " 25 300^ 

M   =    25300    _   fes.jy  «^e^/iro ^w *    &'"'0   •   A0.-7     *-*€«.%, 
381» 38^ ' 

A   " 

I«r43%^0.-v 2 450 000     s 2887 f50 '^ Secx-IN.' 

«o. mi ■ u-s«) 



PREPARED BY! PAOE NO.   f\ ' 7/ =■ 

CM"CK"^' VERTOL AIRCRAFT CORPORATION "«-ORT NO. IU197 
DATE! June I960 MODEL NO. 

■3. Peope.fcT»E.s    WITH    FuofKTiwG    FoeL WH^G  CO%   FUEL) 

ßoTO«.       Pl_ft»OE   

t. 
ao 

I 
■ ■• 

• h 

.■o i                , i ~ '•     i 

. 

11300*   ^^ 
s 

^                  ..   ■              50.0     ■■                                                      | 

.. : -  ;^..       ,;     .; 

i 

'•. ■ 

A'OOO* .1000* 
1 K 

> 

Gr.VV.       • -     \53oo      +"2. C.\ oo o)    -z   \\30O*t U 
! 

M       r 
384                                                                                                      ^«6                                    //w 

.Vere.T •   c.fc 

2,.     ^3oo(.So.o)    _ 
//3oo 

IH-- Io-93oo.  +  24A0 t3)^   t   z 1o-vooö ■V^w2.5ar(242.55+(4i.fl 

1^ - A-&QSO +  /5^"o    -v- z ^.iY'T^o +   5: IÄ   1" €.0480 1 

u -- lO€4oo     *■   3\Aooo 

..    Tot = 4zo4oo >     ^ sere*"-IN» 

' FORM NO.   III!   »U 



PRCPAHED BY 

CHECKED BVi VERTOL AIRCRAFT CORPORATION 
June I960 

PAGE NO.   ft ~  ~73 

REPORT NO.   R—197 

MODEL NO. 

U/lNiG.      Mfr^S      ^     STtFFHSSS     D>STR<e^T<OM      (, PA.     TQEU) 

ST RT \ 0 M 

^>*SECV1M 

5T«FFNt^ LENGTH Cf^O VVJS 
JLL,   IM- 

1 0.3 6 2 2SOO.>« iO*" AS 303 

2 0, sea , 3000. «lO*« AS ssa 
3 0.362. 3^,oo.»\o•• 28 213 
A O.oSQ 3oOO.x 10*= 28 185 

S 0.3G2. 3200. »^ ^5 157 

4 Q.3&2. 2 7OO.M0'" -45 112 

7 o-saz. 22O0.»|0<» 4S 49 

8 0.3G2. 2200,* lo*" 22. 22 

PvKJMtO-   FR.E.E     WIMS       Sif\TOE.f\l_      F^EQOEMClt'ä      F?-OVA    K 

|oo »% Fo<= \_ 

1ST F^tA.  Mooe 
U3V ^ '32..01    S^D/SEC 

2
ND

  FUE/   Moot 

0%     FuEL 

2^°  FL_&>L     Mooe. 
a3x-  ^S3     ...   Ef^o/sec 

L^^^^\UQ,    Gtv^fe.   -  Coto?> \ ut Uvr^G.    TW^     /4 SVHW LOC^TVOK»    OF     S-S8 
W\NIG,     DtFLECTr vorvi 

A. - 
Vv/Q 

sWq    =+0.0\SO ^wL •■-  -h^-r l50 

Ca"   « + 0.2 88 + 0.2Ö8 

«tUwk - -o. o 1 84 •^wK   * -O.O I M 

> 
UJ 

vvT.     ä     STIFF vi^-^s     C)\c.xe.\a. 

B U W D E       M P> & 5 

3 8 t. 
1 NJ 

SEE    ?txGe.   A-8C 

Pa.    A-86 



PREPAHCO my 

CHECKED BY. 

June I960 
VERTOL AIRCRAFT CORPORATION 

PAOE NO.    A"" fJSf" 

REPORT NO.    R^.1,97 
MODEL  NO. 

1 BUXDE.    Pe.OpERT\£S   CCohAT. ) 

SGC. 22 I    ^.PtA 

5-. T\e.g.     PRO^^^T \E.s 

&^-re.D   PEGSSOBS •. so    ps».  (^3oo) 

.9 3oö .#• 

ZF £3 \^1' 

25   /<   fV\ E Qoe. vo G. 

505^ ^ ip, e»oe. ME 

"FtNA*   'gSSSi tfO.SQ   »  Z.3 30 5^ 

FORM  NO.   lilt  B il-H) 



PREPARED  BV: 

CHECKED BYi 

DATEl June   1960 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE NO. A-75 

REPORT NO.        R —197 

MODEL NO. 

TIRE PROPERTIES (Cont.) 

Tire Loads - 
75% Airborne 

F
M = 9300 x 0.25 - 1160# M   —r 

WING GEAR 

Type:  For spring rates consider 1-24 x 5.5 Type VII  tires per gear 

Inflation Pressure:  145 psi 

Gear Loads (1007. Fuel) - Approximated to be equal to 
the weight of each wing. 

07. Airborne 

FTT = 8000# w 

257. Airborne 

F„ - 6000# w 

507, Airborne 

F = 4000# w 

75% Airborne 

F„ = 2000# w 

Gear Loads (0% Fuel) 

0% Airborne 

F„ = 1000# 

257. Airborne 

Fw =  750# 

507, Airborne 

F„ -  500# 

> 

757. Airborne 

■ w 
250# 

FORM tlISC   (3/«0) 



PREPARED BVl 

CHECKED BVl 

DAT» June  1960 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE NO. A-76 

REPORT NO.        R-197 

MODEL NO. 

TIRE PROPERTIES 

Main Gear - 

Vertical Tire Rates 

0% Airborne 

Lateral Tire Rates                1 
(Assumed as % K-fzJ                                        1 
0% Airborne                     1 

KTa = 2560#/IN KTY - 1280#/IN                  1 

25% Airborne 25% Airborne                     1 

KT2 - 2270#/IN ICpy - 1135#/IN                  1 

507. Airborne 50% Airborne                     1 

ICp - 2220#/IN I^Y = 1110#/IN                   I 

757. Airborne 75% Airborne                     1 

KTe - 1800#/IN ICpY = 900#/IN                   f 

100% Airborne 100% Airborne                      i 

KTz = ISO^/TW ICpy =  90#/IN                   1 

Ref: U. S. Aircraft Tire Manual          | 

Wing Gear - 

Vertical Tire Rates Lateral Tire Rates               f 

07, Airborne (1007. Fuel) 

KTZ = 5100#/IN KTY = 2550#/IN                   I 

25% Airborne (100% Fuel) 

KTi - 4900#/IN KTY = 2450#/IN                   1 

50% Airborne (100% Fuel) 

Kq-i - 4500#/IN 

757. Airborne (100% Fuel) 

ICJY = 2250#/IN                   j 

KT2 - 4100#/IN KTy - 2050#/IN                   ! 

100% Airborne (100% Fuel) 

[ K KT2 - 410#/IN RpY -  205#/IN                   t 

0% Airborne (0% Fuel) 

KT^ = 3800#/IN KTY - 1900#/IN                   j 

1 



PREPARED  BY: 

CHECKED BYt 
DAT^ June   1960 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE NO. A-7 7 

REPORT NO.        R-197 

MODEL NO. 

> 
Ui 

TIRE PROPERTIES (Cont.) 

Wing Gear - 

Vertical Tire Rates 

507. Airborne (0% Fuel) 

KT  = 3500#/IN 

100% Airborne (0% Fuel) 

KT  = 350#/IN 

Lateral Tire Rates 

KTY - 1750#/IN 

KTy =  1750#/IN 

Vertical Rates:  Goodyear Test H-70  6-10-1958 
Lateral Rates:   Goodyear Test 

OLEO PROPERTIES 

Wing Gear - For properties consider the Vertol YHC-1A main gear oleo. 

Ap = 7.06 IN2        Zs = 2.0        V0 = ZAp 

Ps po + Zs  ^j  = astatic  (1- ^) fz Ap + V^j 

Ap, Piston Area 

V0, Trapped Volume 

P , Static Pressure 

F , Static Load 
s 

Zg, Static Stroke Position  E , Stroke Position 

Y "I»  Airborne 

[2 + Z
s]     =  Fs   <1-K1)C   Z+  21 

2 + Zs   =   (1-^ )   [Z +  f] 

Z  = Zs+ 2 . 2 
1-7 

Let Zs = 2.0 For 100% Fuel Loads 

1- X 
Oleo Spring Rate, 

K  . 2 ps Ap zs 

Z2+2ZZS+ZS 

4 Fe 

Z^+AZ+A 

From Oleo Analysis for Vertol Model 107. 

FORM 11I8C (3/«0) 



PREPAftCB tIT; 

CHECKED  BYi 

DATC- June  1960 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE   NO. A-78 

REPORT NO.        R-l 97 

MODEL NO. 

0LE0 PROPERTIES - (Cont.) 

Wing (100% Fuel) - Gear loads consider total weight of semi-wing. 

07. Airborne 

Z = 2.0 In. s 

K = 4 « S900      =    320QQ 
4+8+4 16 

25% Airborne 

507. Airborne 

Z = 

= 2000#/IN 

Z=-^  2=3.33 IN 
.75 

y           32000       32000 - - 1120#/IN 
11.1+13.3+4    28.6 

6.0 IN 

36+24+4 64 
- = 500#/IN 

75% Airborne 

Z =  4 - 2 - 
.25 

14 IMP 

2ext " ll-0 

Y  _   32000 _ 32000 - = 189#/IN 
121+44+4 169 

Note:  The oleo spring the smaller of the oleo,  tires series combination 
controls the combined vertical rate of the wing.  Therefore, the effective 
vertical spring of the wing can be adjusted by changes in the oleo only. 

Wing (07. Fuel)  0%, 50%, 100% 

Z - 11.0 

K - 189#/IN 

In order to eliminate bottoming of the oleo assume that a mechanical 
spring with a rate of 500#/IN engages at Z = 10.0 IN. 

> 
a: 



rnepAweo UY-. 

CHECKEQ BVi 

B*™- June I960 
VERTOL AIRCRAFT CORPORATION 

FAOE HO.    fK~ I H 

BEPOHT NO.       R—IQV 

MODE).  NO. 

OI_EO    Pe.opee.Tvt?, 

WINGT   {.\GO> "A   Foeu) WIN&    C 0%   Fucu') 

o% 2 = Z.O 

K =   zooo^/no 

ZS'Ä 2 = 3.3 
K ■«   ll^-O */)>o 

So% *= t.O 
k   t.      SOO^/lK» 

7 50/0 2-- lo.o 
K   - Soov/\to 

\oo% 2--   lo.O 
k  =   Soo*/ito 

2   «     \o.o 

k^Söo^/iKj 

k*Soo**/(fo 

W\HG.   -QuEO   LVT    BCWD\N&    ST<yyH€S&\£QOVV.   SPRING      MT   GßöoWD UNE) 

25'/* k«e300*/iw 

50% k - Sooo */IN 

75y» k »  3Zoo »/IM 

looVo k --   32 00^/iu 

Eqoiv.   CUT.   G£»>.«I ST^PFVJ'S.^S 

WING (loo  V» Fotv) 

k» a^oo^Av. 

k - ^ x o o ■*/, KJ 

k -. z-zoo *l \M 

M 

SZLSo 

WIM& Co y« Fueu^ 

FORM NO.  Illl B U-S«) 



PREFARCO BVl 

CHECKED BV| 

June I960 
VERTOL AIRCRAFT CORPORATION 

pAoe NO.    ■■ fit - SO 

REPORT NO. R—197 
MODEL NO. 

\       H.G.W.      SWOWK)     oto     p|\oe      A-85 
CS     FOR 

) 

< 
^*«7Jun«»i 

a 

3 

ftV,      -   (S^Vv 

f^a.^»-»    Cuave 
WT/ O uto %   Ftov* F.C 

3')So 8.0* 

SSfto 9.o' 

.iWV. ^K(s- eil -    SSoofv, . 

■b,   ocso    s,T«e.»wl. 

;   V.+ KU-8) • V.AtS V*-*- V.At^U-a^ 

f   T 

S » U.Z - ^s- 

<?v ft' 

<fv b (?r mif-BTft (?^  • F^ Ov-to     Uof^« 

D1**-*] 
I X>Oo   ■*' vw c?v x   ssoo^ua-a'i 



PBEPAIED BY: 

CMECKiED BY» 

DATE, June   1960 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAOE  NO- A-81 

REPORT NO.    R.. 197 

MODEL NO. 

DC 

Spring Rate 

K = AF 

F = PV 
11.2-Z 

2> F PV("1)   = + PV  
*>z"    '  (11.2-Z)2       (z2-22.4 Z +  125.5) 

For 07. Airborne   Z = 9.25 

12000 120C0 K = 
85.6-207+125.5      4.1 

For 25% Airborne  Z = 8.75 

K = 12000 12000 
76.5-196+125.5      6.0 

For 507, Airborne  Z = 7.50 

= 2930#/IN 

=2000#/IN 

K = 12000 
56.2-168+125.5 

For 757o Airborne  Z = 4.0 

K = 

12000  = 875#/IN 
13.7 

12000 12000 = 231#/IH 
16.0-89.6+125.5     51.9 

For Fully Ext. Oleo   Z = 0, 837, Airborne 

K = ^000  = 96#/IN 
125.5 

Main Landing Gear Basic Dimensions 

07, 
X, « 22.0" 

XÄ= 33.0" 

Z, = 13.0" 

2«= 31.0" 

%*" 84.0" 

£, = 72.0" 

«f5= 64.0" 

€0=  35.0" 

Ref.   Pages  A-17,   A-18,   A-19 

L =     |l2l + 5040 + 84l]   ^ =  77.4" 

■k 

FORM m»C IVMk 



PRrPARCD  BY, 

CHECKED  BYl 

June I960 
VERTOL AIRCRAFT CORPORATION 

PAGE  NO.     r\'~ O'i 

REPOHT NO.        P—107 

MODEL NO. 

MM|o   L^^^t)\^\G     Ge.^^.    B l\ s \ c      D \ t^ ^ u «ä > ^MS 

X. « 20. S" 
Xv- 33.0* 

2,.-. 3U3" 

6, - 72.0" 
(=:S  =    6.4.0" 
Go   =  3 5.0" 

L-. [143 + 5080+S4|1 \   77.3' 

> 
a: 

5 0°/ 
x, - 19.3" 
Xt.- 3-i.o" 

?v' 32.4" 

75 0/ 
X, - 1S.8" 
Xj.- 3 3.0" 
«, ■=■ 13.o" 
2,.» 35.4* 
€3-88.4" 

looy^, 
X, ^ 11.o" 
x,.» 33.0" 

. %,' « 13.0* 
?x. 39.0" 
^j :  32.0" 

feo » 3S.O" 

Ufies 4- 5230   -V- Mil    »TS.Z' 

e. -- r/2.o* 

,    £» --  3S.O* y 

L*r294.   + S68O + 84U ""^ 82.t" 

€,*  92.0" 

£„« as.o" 

v. [■■•■■■     )i   ^ 'T  X 

4 84   -v- 4250-v 84 \J    s 8 5.0 

J?o(   CftL-Cocu-y \o <o      foy.    Pe.o&. 

i?3-*. 
8.8 

Tl 

K,   r fc-^T1   fe^" feo   _ ■QU."'.!! , t^''.375     &   ,20.4,°  , 
L, ' 7V.4 

i      . 
S ns> if v    --0.I 5 3 
C^s. y»   - 0.388 
Co«,   K'x   »   0.^3«. 

^" s   -Xi Cosy,  t U-L-^ S>K> ^    .    zzC'SBe)-^  va^s^) 
Co^^ " 0.93 c 

ü.'ääC» '       Ci.33ti. 



%*■'■ \ 

PAae NO. 

CHECKED »Yi 

OATCs June I960 
VERTOL AIRCRAFT CORPORATION 

A^83 
REPORT NO.   J}_1 OT 

MODEL NO. 

2S/4^\E.6oe.roG 

StwJr» •• .it? 
Cos*".   » .98«. 
Cosy, .337 

Cos y^. ' .3-5^ 

.S^7 .'ill   "   ' ' %, 

a. 

y, «t^-1   '^^i.t    > Gu."'    .189 •«'   10.8 

Cos-^x.*  .333 

A» u   XtCosy 
Cosy 

ii 

.333 .33^ 

, 75K   , :,;.;; ' .. 

Vfv- Wx lVaz.«.   = Öu:4   .3S|     « \3.3a 

S(M V.    -   0.22Z ,' 
Coft   y,   s   0.'375 
Cos y^  3  o.34^ i 

^o  «  ^.Cos y. ±UviiO ^^y'   *        IS.M^TS)-»'   22.4(.2Z7.) 
CosY-w /o.344 

j?0   =:      15.^   ± ^.38      ,       Z0.3B      _    E|.4." i 
.344 .344 
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REPORT NO,    R—197 
MODEL NO. 

cc 

V.  ,to->-,rM9   *to~r\m29$**   IS.S* 
>rv, tP-"' 2Vä5 .6>-r'..3-// /Ä,a 

Cos yv - 347- 

I «•. MM • I *-*M 
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June I960 
VERTOL AIRCRAFT CORPORATION 

PAGE NO.    fa' QS 

REPORT NO.     R—IQ? 

MODEL NO, 

7.   ft.e.^.o py M E>N\\C    W >^6 ^^»-AVVT^G    TERMS 

K>otAC«.vCKU.    VfccotS eoio S\C>C R.»M«      TWW       ?V-^KiFöB. 
THt       W-"i\    COM ? t&o^t\T\o^. 

Co,      WIKVG     C-HOß.» - l^-A.-A   VM. 
^.A,,   VV/IN>G   OFFSET       ^ 80.0 \K>. 

L,     WING   ST»MS» ■» 32S.O   \w. 

C^ -- ^f^Co  V 

cK  = ^A.Z^\D'6 V ^Jtw        ; 

tA OF 

V- 20  KHQ-TS 

a 

.1 

V^   ^Ox 20.3      i 40t>^^./sec 

Cu   = 4^.^> lcrW'"AO(0  •=   \.7 35 - lo'*.^Stc/»^ 

'■1       : 

t^ » 44.2 MO"t« i"2.20     ■» 5.40 »lO^r^ SSC/IM"'" 

V  ^ SO K>oo-rs   ': 

V-   BoÄ   ZO.-ä   ._ \<t>ZS\*i:lh€.c, 

r-nnM Mn    ma n 1 >.•»«! 
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CHECKED BVl 

DATE. jUne I960 
VERTOL AIRCRAFT CORPORATION 

PAQE NO.    jP|- fl^ 

REPORT NO.    J^—X^ 

MODEL NO. 

Ac g-op^M^ ^»c-   WINJ&    \!>^MV\v>g-   TEet^s 

=   C: 2.oB +  B.4S '+•   W^A^   ]x 
J 

a. z\.^SJ0C. 

o-^ -- ^c^^A.y 

a., 
3 

-_ c* r ^ i ^ \    JX    *-^ 

1 1.4 S «\oKc^ 

<Xn    -   15 5.45  C^ 

> 
Ul 

3 ^&.0 

<| i\.o 
3 -4S.0 

8 'M.S 

1 44.5 
2 ■      »2.95 

4 -    4.99 
5 -  B1?.!© 
t - -42.oo 

7 - ZSAo 
8 ^    12.So 

»•8.5 

Z-2. 

\.0 0 0 

o.zae> 

-o.tv t. 
-0.6Z3 

I. Qftoo 

."i e>oo 
. fe780 
.8960 
.5SZo 

.0730 

t Iwc^u  -- -88.^A 

äo"J,,oc> 
74. Zo 

- U3.0O 

-   1  I 4.00 

- ^«ä.oo 
- lo 5.oo 

- ^S.40 

^4.5o 
3.11 
<7Z 
^.18 

3o.so 
33.SO 

24.80 
3.S\ 

»S S .A S 

i^soo 
334o 

- 3 V oo 

- li 55 
- S6oo 
- -1730 
- Zi8ö 

27S 

2^ iwi. b.r^ 
-Soo 

rORM  NO.   HUB U-Sil 
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MODEL NO. 

L   ? 

■■ 1- 

as  ■«    I 5. (.7 K\0W C% 

0^   *   C,rao/-88.3^) 4(-Soo) 

(Xt   »   11.45 K10
W
 C* 

a,0 r   - Soo c% 

\ 

'J'- 



PHCFAHEO «VI 

CHECKED my, 

June 1960 
VERTOL AIRCRAFT CORPORATION REPORT NC. 

MODEL NO. 

A-8a 
R-197 

1    /\e^ot)Vioft»^\c   VVIMG   DKMPito^   Te^-VA* 

1                                                                                                                                      ' 

|      as * 21.3 3 HID*4 »« U795 »lO""*" »    39.SM0A 

GLt * 11.4SI* 10^» 1.7 3 5 «MO'•,,«    ZO.S *\(£                                                     ! 

(Xr,   -•   IS5.AS* 1.73 5 M0~x    «2.93 

a8    ■   \5.(0T^ofc*|..?3S *lo"v  s   28.» MO4                                                   | 

a3 »-o.7ti »»O^M^SSKIO""'-- - u3c»s*^ov 

aio »-soo* \.73s *io"v     »  -8.3 8                                        j 

V»40 KtooTS                                                                                                                                          | 

OLS  « EI.SS^MO4'« 3.5 3 M6"V  * ^S.O-lO4 

a(, « UMS » IO^-S.SSMO-1' s   -4ui x \o4                                       1 

^ » IS5.-4S >«3.S3MO'x    T      5.S5                                                                   ! 

a8   * IS.fe7M0b  x3.S3-l0-v*    SC.Z ^IOH                                                            j 

as s -0.74.1* IC^*3.S3*I6"V « - 2.74  MO"1*                                              i 

0w\o   -   -Soo « 3.S9MO''1, -   -17.3                                                                1 

V* LO KIOOTS                                                                                                                   j 

a5 r zi.sa MO'-* S.^OMO*1" •  h6,5 >i\oA                                          1 

at. = 1\.4 5 MOW''S.40MO-X   c   t|.7MOA                                                        j 

ar, » \5S.4S^ 5.-40«lo""1,        i    8.39                                                                        i 

["      1 
a^ = i$.t7 *s.4o*io**Mowt S^.S^IO4                                         ! 

a: a(0.--$00 " s.4ö KIO-1,   t-27.0                                                     j 

4MMI>« US    111* « K.U« 
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MODEL  NO. 

V- BO  K^oTS 

a5 = auge^io4, « 7./8 *\o'x - 158 -I o4 

a^^ 11.45 ^^^x 7. is. to"1 -     82.IXI04 

a9= is5.45 »7.»eAiö'1, *   li.is 

a8 = 15.t.7-A.|o<,i<7.i8»|0'x '   l\Z.SMö 

a^. - c>.7ti"iö4x 7.i8'<icr1" s - S.^CHIO''" 

CXvo ' --Soo < 7.18 A |o"x s-3 5.3 

g 



PREPAneo mvi 

CHECKED ayi 
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VERTOL AIRCRAFT CORPORATION 

PAGE NO.   AflO 

■ EPORT NO. R«T.Q7 
MODEL NO. 

6.  WING     ^A^ss  Teg»AS   (100%  FOVLLA 

H-ll     co^JFlGoR^TlON 
puiwiFocw   of   Twe 

STk. 
I 

2 
3 

5 
, v 4  ' 

7 
8 

,  I      : 

2 
3 

s 
& 
7 

8 

303 
258 
213 
185 
IS7 
\\X 
«,7 
21 

I.ooo 
.OS3 
. IOS 
.380 
.(.78 

.874 

.SS2 

.07« 

2.892 
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Furnished by 

USA TRECOM AERODYNAMIC DIVISION 

a. Mass and Geometric Characteristics 

b. Blade damper characteristics (pr 3.68 C.P.S. rotor speed) 

c. Landing Gear Oleo and Tire Characteristics 

d. Blade Mass and Stiffness Distribution 

Additional details on Sikorsky S-58(H-3M Structure can be 
found In TO-IH-B'+A-B, "Structural Repair Handbook." 

S 



FnCFARco ari    a^C» > 
CHECKED ari 

OATE. jung ig^Q 
VERTOL AIRCRAFT CORPORATION 

PAOE NO.        fii~7 4~ 

REPOBT NO.   Jl_3Q'7 

MODEL NO. 

«1 f»      ~          i 

N p re 
HJ Do 
N >*    '     • 

J 
j^oai.*; 

o 

o 

4' 

■z. 

> 
Ui 
IT 

«I 

2 
O 

h 

o 

o 
a 

o 

o 
UI 
J 
o 
\ 
k 

§ J 

^ 

u 
z 
{y 

o 
CO 

a: 

X0 

•s1 

« 

o 

w 
> 
o 
ID 
-? 

u 
o 

Ui 

c 
o 
.1 

^ 

a 
a. 

ii 

>0 

«1 

IJ 
■»    >K    *   S     o<   «   N   <o   ID     ^"l«     v 



CHECKED BVi 

June 1960 
VERTOL AIRCRAFT CORPORATION 

PAOE NO.     r\ "  iS 

REPORT NO.      R«197 
MODEL NO. 

a.  Mass and Geometric Characteristics 

m * blade mass - 230#/386 - .596# sec2/ln. 

n - No. of blades - h  blades 

e ■= drag hinge offsett»- 12 Inches 

1 ■ distance from drag hinge to blade center of mass = 116 in. 

lb » blade moment of Inertia about lag hinge « 13,553# In sec. 

il - rotor speed - 23.11* racl^ - 221 rpm sec • 
1 - ship roll moment of Inertia - 5,826 slug ft.2 - 69,912# in 

sec.2 

M «   ship mass -   13*300/386 -  3if.i+6# sec.2/ln. 

s  -   blade  static moment   about   lag  hinge =   2.041.91   ft.# «■ 
63.473# sec.z 

Wn ■ blade pendular frequency about lag hinge «■ 5.486 r..     *  ■ 

52.39 rpm 

C0  -   oleo  damping -   F/y2 -   1 .68i+7 ^^ 
In.'- 
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c.  Landing Gear and Tfre Characteristics 

lYP.e 

Max. width of 
undeflacted tire 

Inflated pressure 

Rated pressure 

TIRES 

 MAI_N  
1 I.00-12  6  ply 

Type   Ml   Hel I copter 

11.6" 

^5-50 

50 psl (6900#) 

TAIL 
6.00-"6" 6 pTy 

Type I I I HelI copter 

6.85" 

40-^5 
iim  for floats) 

kl  psl (I750#) 

See NACA TN 4110 for determination of vertical and  lateral tire 
spring rates. 
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COMPARISON OF MEASURED MODEL 
TO CALCULATED WING DYNAMIC 

CHARACTERISTICS 

A scale model of the proposed wing for the H-25 subjected to a relative 
wind velocity of 85.0 knots in a wind tunnel, Reference 14, exhibited a 
resonant frequency of 8.65 cps and a damping ratio of 0.08.  The model 
was scaled as follows 

Model L, 

^odel    \9)  MActual 

9 Actual 
2 

9) 

where; 

and 
L is a representative length dimension 

M is total mass of wing 

The single degree of freedom system representing the wing, without external 
forces, is defined by the second order equation of motion 

where; 

OCs^ = rigid body flap motion of wing about skew 
hinge line 

bU^ = natural frequency = —i 

?  = damping ratio = ^JJ^ 

K = wing aerodynamic spring 

I  = wing inertia about hinge 

C  = wing aerodynamic damping 

A dimensional analysis is performed on the above parameters as follows: 

1)  Wing aerodynamic spring 

K = iPa»oC0
2v72 L2 f - -i sin24,  +  -§-  cos ^ sin /0J 

Ref:  Page B-21 
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therefore 

K Actual -ipa^C^WJ^sinV+Tib     cos/0 sln^f 

or 

KActual=     <9>     KModel 

Lng  inertia 

i   = Mr' 

2) Wing inertia about hinge 

2. r = radius of gyration 

thus 

actual  -  (9)2M(9r)2 =  (9)     IModel 

3)   Natural   frequency 
"K Ik       P. ^•ActualP 

Actual     =  1 IActual-t 

^Actual = 3  U^Model 

4)     Wing  aerodynamic  damping 

(9)3 KModel  % 

(9)^  IModel 

C  = j^ Pa^, C02 L2 J- 
16 

j   CO£ /     sin/   +    8 (Cr2/i] 
thus 

Ref:     Page  B-21 

CActual  = _i_pa6O(9C0)2   (9L)2 ^ cos^ sin(j/     g    £9^ 
16 L 3  (9Co)  cos^öc 

or 

CActual =  (9)4 CModel 

5)  Damping ratio 

Actual =  cActual f 2IActual U^ Actual 

(9)4 CModel  
2(9)4   IModel  x    IModel 

f Actual     =     3    S   Model 
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Thus3 converting the Model characteristics. 

Actual = 1/3 (8.65) = 2.9 cps 

Actual =3 (0.08) =0.24 

The above parameters calculated from data found in the appendices are, 

I = %a1,       
C = ^a6 

From Page A-65; airspeed 80 knots, wings full: 

a1    = 37,992 #-sec2.]Ln2 

a6  =54,412 in-#/rad 
sec 

K.  = 384,400 in-#/rad 

Wn  = (  K I' 
(%'ai  ) 

1 = %a6 

0.72 cps 

0.16 
2(^3!) 

> 
ui 
D: 
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APPENDIX B 

5.     AIR  INSTABILITY  CALCULATIONS 

SIKORSKY H-34 
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LÜ 
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